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COMPATIBILITY O F  CESIIIM VAPOR WITH SELECTED 

MATERIALS AT TEM€lmTlMS TO 1200° F 

By Joseph M. Lamberti and Neal T. Saunders 

SUMMARY 

Compatibility s tud ies  of cesium vaxlor with se lec ted  mater ia ls  t e s t e d  f o r  48 
hours at  500°, 800°, and 1200' F i n  a c~s iun i  vapor atmosphere a t  pressures of ap- 
proximately 0.5, 28, and 267 Torr, respect ively,  a r e  presented. For conparison, 
cont ro l  samples were t e s t e d  under s imiktr  conditions of time and temperature i n  
a vacuum of approximately Torr. 

The t e s t  materials included t h e  fo:Llowing: r e f r ac to ry  metals: tungsten, 
1020 s t e e l  (cold r o l l e d )  and type molybdenum, and tantalum; iron-base alleJys: 

304 s t a i n l e s s  s t e e l ;  nickel-base a l loys :  L-nickel, A-nickel, Inconel X, and 
B-monel; copper-base a l loys :  
( leaded phosphor bronze), and brass (Muntz metal)  ; precious metals: 
gold, and s i l v e r ;  l i g h t  metals: 
Mycalex, Mykroy, lava,  Morganite, and eapphire. 

copper ( e l e c t r o l y t i c  tough p i t ch  (ETP)), bronze 
platinum, 

aluminum (Alclad 24ST) and magnesium; nonmetals; 

Metal lurgical  examination indicated that t h e  following t e s t e d  materials were 
at tacked by cesium vapor t o  varying de6;rees: copper, brass, bronze, gold, s i l -  
ver ,  aluminum, magnesium, Mycalex, Myk~oy, and lava. 

INTI iODUCTION 

The a l k a l i  metals, group I of t h e  per iodic  t ab le ,  include t h e  b e t t e r  known 
metals l i thium ( L i ) ,  sodium ( N a ) ,  and potassium (K)  and the  l e s s e r  known metals 
rubidium (Rb) ,  cesium ( C s ) ,  and francium (Fr). 
combine with most nonmetals, displace hydrogen from water and most inorganic 
ac ids ,  and reduce t h e  oxides or chlor ides  of many metals. Their s i m i l a r  chemical 
proper t ies  a r e  explained by t h e  single e lec t ron  i n  t h e  outermost s h e l l  of each 
atom, and t h e  degree of t h e i r  chemical. act; ivity general ly  fol lows t h e i r  pos i t ion  
i n  t h e  electrochemical s e r i e s :  
Representative values of t h e  more comrion physical  propert ies  of these  metals a r e  
l i s t e d  i n  table I. 

A s  a family of elements, they 

Fr > C!s > Rb > K > N a  > L i  ( r e f s .  1 and 2 ) .  

Because of t h e i r  r e l a t i v e l y  low ionization po ten t i a l s  ( i .e . ,  t h e  work done 
i n  removing an e lec t ron  from an  atom), t h e  a l k a l i  metals have been considered 
f o r  use i n  advanced space-power systens such as e l e c t r i c  rockets  (refs. 3 and 4) .  
I n  these  systems, t h r u s t  is proportional t o  t h e  mass of t h e  propellant.  The p r i -  



mary emphasis, therefore, has been placed on cesium as a propellant because it 
has the highest atomic weight (132.91) and the lowest ionization potential 
(3.87 v) of the stable alkali metals. (Prancium has no known stable isotope 
( r e f .  5).) In addition, cesium has also been used in energy-conversion schemes 
such as the cesium-vapor diode tube (ref. 6) and in power-generation systems 
using magnetohydrodynamic principles (ref. 7). 

As the technology of these systems advanced, it soon became apparent that 
there was a need for more information on the compatibility of cesium vapor with 
materials used in the construction and testing of these devices. 
liquid-metal corrosion data are available for the alkali metals (ref. 8), very 
little has appeared in the chemical and metallurgical literature on the vapor- 
phase compatibility of these metals, particularly cesium. 
appeared on the effects of cesium on materials (refs. 9 to 13) are qualitative in 
nature and in disagreement in many areas. Consequently, a preliminary systematic 
investigation was undertaken at the NASA Lewis Research Center (as a part of the 
electrostatic-rocket-engine research program) to test several common materials in 
cesium atmospheres. The test materials included the following: 

Although 

The reports that have 

(1) Refractory metals : tungsten, molybdenum, and tantalum 

(2) Iron-base alloys: 1020 steel (cold rolled) and type 304 stainless steel 

(3) Nickel-base alloys : L-nickel, A-nickel, Inconel X, and B-monel 

(4) Copper-base alloys: copper (electrolytic tough pitch), bronze (leaded 
phosphor bronze), and brass (Muntz metal) 

(5) Precious metals: platinum, gold, and silver 

(6) Light metals: aluminum (Alclad 24ST) and magnesium 

(7) Nonmetals: Mycalex, Mykroy, lava, Morganite, and sapphire 

Samples of each of these materials were tested for 48 hours at 500°, 800°, 
and 1200° F in cesium-vapor atmospheres at pressures of approximately 0.5, 28, 
and 267 T o r r ,  respectively. For comparison, control samples were tested under 
similar conditions of time and temperature in a vacuum of approximately 
Torr. 

The primary purpose of this study was to screen quickly the gross, short- 
term effects of cesium vapors on materials at temperatures up to 1200° F. 
addition, the materials were metallurgically examined, and, in some cases, the 
mode of attack was postulated for those that were affected by cesium. 

In 

MATERIALS AND APPARA!IUS 

Cesium 

The cesium used in this study was supplied in the liquid state from a com- 
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mercial  source t o  a spec i f ica t ion  of 99.0-]percent minimum puri ty .  A spectro- 
graphic analysis  of t h e  alkali-metal  impurit ies of a representat ive sample of 
this material  was  as follows: 

Rubidium 
Potassium 
Sodium 
Lithium 

-percent 

0.50 
4:O 
.02 
.005 

An analysis  a t  t h i s  laboratory of t h e  oxytsen content of t h e  cesium (by t h e  proce- 
dure described i n  r e f s .  1 4  and 15) yielded values i n  the  range 0.25 t o  0.30 per- 
cent. These values, however, must be considered as only an indicat ion of t h e  
oxygen content and not as absolute values because t h e  several  a n a l y t i c a l  tech- 
niques now i n  use were o r i g i n a l l y  established f o r  oxygen determinations i n  sodium 
( r e f s .  1 4  t o  16), and t h e i r  a p p l i c a b i l i t y  t o  cesium is  not considered completely 
r e l i a b l e  at  the  present. Actually, t h e  absolute value of t h e  oxygen content 
could be as much as a f a c t o r  of 10 higher; than t h e  analyzed values. 

To prevent any f u r t h e r  contamination, t h e  cesium was supplied and s tored i n  
hermetically sealed,  Pyrex-glass capsules. 
over a long period of time cesium a t tacks  glass  by removing oxygen from it, espe- 

500° F, and thus oxygen pickup from t h e  ,;lass capsules is  considered negl igible  
under these  room-temperature storage conl i t  ions. 

It has been reported ( r e f .  9 )  t h a t  ' 
~ c i a l l y  a t  elevated temperatures. The c o i ~ o s i o n  i s  negl igible ,  however, under 

Test Materials 

The se lec ted  mater ia ls  used i n  thiE stx,dy are l i s t e d  i n  t a b l e  I1 along with 
t h e i r  t y p i c a l  composition l i m i t s  and appoximate melting points  (from ref .  1 7 ) .  
The precious m e t a l s  (silver, gold, and platinum) were spec ia l ly  procured t o  a 
spec i f ica t ion  of 99.9-percent minimum puri ty .  A l l  t h e  other m a t e r i a l s  w e r e  of 
standard commercial grade obtained from t h e  stock supply a t  t h i s  Center. The 
compositions l i s t e d  i n  t a b l e  11, therefore ,  are merely t y p i c a l  compositions. 
Since t h e  main purpose of t h i s  invest igat ion was t o  study t h e  e f f e c t s  of cesium 
vapor on common mater ia ls ,  no attempt was made t o  control  the  composition and 
p u r i t y  of the  t e s t  materials. 

Test Apparatus 

The t e s t s  were conducted i n  a s t a i n l e s s - s t e e l ,  cy l indr ica l ,  vacuum chamber 
( f i g .  1) t h a t  was 3.8 inches i n  diameter arid 13.3 inches long ( ins ide  dimen- 
s ions) .  
rack t h a t  kept t h e  samples separated during t h e  t e s t .  A cesium ampoule was sus- 
pended above t h e  specimen rack along w-th n bellows-type mechanical plunger t h a t  
was used t o  break t h e  ampoule a t  t h e  s-;a.rt of t h e  test  phase. The e n t i r e  t es t  
chamber was  anchored i n  an e l e c t r i c a l l y  hezted m u f f l e  furnace, and t h e  tempera- 
ture d i s t r i b u t i o n  within t h e  chamber wzs monitored by a s e r i e s  of thermocouples 

The specimens were supported f.n t h e  t e s t  chamber by a removable specimen 
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held i n  a thermocouple probe. 

A vacuum pumping system w a s  connected t o  one end of the  t e s t  chamber, and a 
butterfly-valve (damper-type) assembly was located a t  t h e  mouth of t h e  t e s t  cham 
ber t o  r e s t r i c t  t h e  cesium vapor t o  t h e  t e s t  area.  The vacuum pumping system 
(consis t ing of a mechanical forepump, an o i l  diffusion pump, and a l iqu id-  
nitrogen cold t r a p )  w a s  capable of reducing t h e  pressure i n  t h e  t e s t  chamber t o  
approximately 
heated, and i so la ted  f r o m t h e  vacuum pumping system, t h e  overa l l  pressure r i s e  
was  measured. This pressure r i s e  i s  p lo t ted  i n  f igure  2. 

Torr. After t h e  t e s t  system was evacuated t o  8x10'6 Torr, 

I n  order t o  determine approximately t h e  outgassing r a t e  of t h e  s t a i n l e s s -  
s t e e l  chamber used i n  t h i s  invest igat ion,  the following equation was used: 

or 

where 

surface area,  sq  cm AS 

(65) volume, cu cm 

r a t e  of pressure r i s e ,  m Hg/hr (g) 
For the  time (48 h r )  and the  chamber s i z e  (volume, 6088.3 cu cm; surface a rea ,  
2515.9 sq  cm) of t h i s  invest igat ion,  the  outgassing r a t e s  a t  500°, 800°, and 
1200° F were Z . O X ~ O - ~ ,  2 . 5 ~ 1 0 - ~ ,  and 8 . 0 ~ 1 0 ' ~  ( T o r r ) ( l i t e r ) / ( s e c ) ( s q  em), respec 
t i v e l y .  The measured value f o r  s t a i n l e s s  s t e e l  a t  25' C i s  8 ~ 1 0 ~ '  ( T o r r ) ( l i t e r )  
( s e c ) ( s q  cm) ( r e f .  1 8 ) .  Since there  a r e  many f a c t o r s  involved i n  determining 
outgassing r a t e s  of various mater ia ls  under d i f f e r e n t  conditions, no attempt was 
made t o  extrapolate  t h e  value for  25' C t o  t h e  t e s t  temperatures. Consequently, 
it w a s  assumed t h a t  evolving gases t h a t  had been absorbed i n  t h e  s t a i n l e s s - s t e e l  
walls of t h e  chamber accounted f o r  the  pressure r i s e  i n  f igure  2. The a c t u a l  
leak r a t e  of t h e  system, therefore ,  must have been low and probably had only a 
minimum e f f e c t  on t h e  t e s t  conditions. 

Cesium Handling 

The cesium capsules used i n  t h e  t e s t s  were approximately 2.5 inches long 
and 0.5 inch i n  diameter. Pr ior  t o  being f i l l e d  with cesium, each capsule was 
washed thoroughly with a detergent and immersed i n  hot chromic acid f o r  several  
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hours. 
sule  m s  dr ied  i n  an oven and weighed. B:g means of a s t a i n l e s s - s t e e l ,  vacuum- 
t i g h t  adaptor, t h e  capsule was attached t 3  a laboratory-bench vacuum system (con- 
s i s t i n g  of a s m a l l  mechanical forepump an3 a 'mercury diffusion pump) and evacu- 
a ted  t o  loe4 Torr. During t h e  evacuation, the  capsule was heated with an inf ra -  
red  heating l i g h t  placed close t o  t h e  glass  ampoule. The s m a l l  valve of the  
adaptor w a s  closed, and t h e  e n t i r e  assemkly, with t h e  evacuated capsule, was re-  
moved from t h e  vacuum t r a i n  and placed ir: a dry box. 

After several  r ins ings  with disti:Lled water and e t h y l  alcohol,  t h e  cap- 

The dry box, an a i r t i g h t  rectangular chamber of s t a i n l e s s  s t e e l ,  was purged 
Access t ,o  t h e  inside of t h e  box was  possible by with pur i f ied  and dried helium. 

means of rubber gloves securely fastened t o  port  holes. Pr ior  t o  any cesium 
t r a n s f e r ,  s m a l l  g e t t e r  ampoules of cesiuri were purposely broken i n  the  chamber t o  
ensure t h a t  a l l  t h e  detectable  oxygen wa:; removed. 
moved, the  capsule w a s  f i l l e d  with the  desired amount of cesium by means of a hy- 
podermic syringe with a s t a i n l e s s - s t e e l  ieed.le. The closed adaptor was  placed on 
t h e  f i l l e d  capsule, and t h e  e n t i r e  assem'3ly w a s  removed t o  t h e  vacuum t r a i n  f o r  
evacuation t o  Torr. The capsules w x e  sealed while s t i l l  attached t o  t h e  
vacuum system. The difference between t h e  weighed empty capsule and the  evacu- 
a t e d  cesium-filled capsule gave the net mount of cesium i n  each capsule. 

After the  adaptor was r e -  

Sample Preparation and Testing 

The specimen samples , approximatel3- 2 .5  inches long and 1 i-nch wide and 
varying i n  thickness from 0.25 t o  0.015 inch, were buffed t o  a d u l l  l u s t e r  t o  re- 
move any scratches on t h e  surfaces and cleaned with acetone and e t h y l  alcohol t o  
remove any organic fi lms. For expediency, several  mater ia ls  were t e s t e d  i n  each 
run. Samples of t h e  materials were sus:?ended i n  t h e  specimen rack and placed i n  
t h e  tes t  chamber. The b u t t e r f l y  valve and t h e  vacuum valve were l e f t  open while 
t h e  t e s t  chamber was evacuated t o  appro:cimately 10-6 Torr and subsequently heated 
t o  t h e  desired t e s t  temperature. Pumping was continued f o r  about 1 2  hours with 
t h e  chamber a t  temperature i n  an attempt t o  minimize the  e f f e c t s  of chamber out- 
gassing. 
capsule was  broken. 

The vacuum valve and damper vzlve w e r e  both closed before t h e  cesium 

After t h e  run was completed, t h e  t es t  chamber and contents were allowed t o  
cool slowly t o  room temperature, and helium was  subsequently bled in to  the  sys- 
tem. The chamber was  t ransfer red  t o  t1.e dry box, where it was opened, and the  
samples were removed. The samples were then washed with anhydrous e t h y l  alcohol 
and placed i n  a desiccator.  any cesium found beyond the  damper valve 
or i n  t h e  liquid-nitrogen cold t rap.  !.'he f a c t  that  most of t h e  cesium w a s  found 
i n  t h e  v i c i n i t y  of t h e  specimens indicxted that t h e  damper valve m s  ef fec t ive  
i n  containing t h e  cesium vapor and tha-; pressures near the  calculated values 
probably exis ted i n  t h e  tes t  chamber &lr ing the  t es t .  

Rarely 

For comparison, samples i d e n t i c a l  t o  those t e s t e d  i n  cesium were subjected 
t o  t h e  same temperatures i n  a s t a t i c  vzcuum of about Torr. Procedures were 
similar t o  those used i n  the cesium t e s t s  except t h a t  the  cesium capsule was not 
broken. This tes t  was performed i n  order t o  d i f f e r e n t i a t e  between cesium and 
thermal e f f e c t s  on t h e  t e s t  samples. 
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Cesium Pressure 

The amount of cesium used was governed by the  s i z e  of t h e  ampoule t h a t  would 
f i t  i n  t h e  apparatus. 
mately 4 grams, and t h i s  amount of cesium w a s  used i n  each of the  t e s t  runs. 
Since there  was no gage t o  measure the  pressure i n  t h e  cesium atmosphere, t h e  
pressures of cesium a t  500' and 800' F were establ ished by i t s  vapor pressure;  
they were 0.5 and 28 Torr, respect ively ( r e f .  1 9 ) .  
of cesium were not s u f f i c i e n t  t o  maintain a vapor-liquid equilibrium with t h e  
metal i n  t h e  t e s t  chamber. If it i s  assumed t h a t  a l l  t h e  cesium had vaporized 
and t h a t  it i s  a monatomic gas that obeys t h e  i d e a l  gas l a w s ,  t h e  calculated ce- 
sium pressure a t  1200° F i s  267 Torr. 

The maximum amount t h a t  could be contained w a s  approxi- 

A t  1200° F, however, 4 grams 

Metallographic Examination 

Metallographic specimens were sectioned from each tes t  sample with a water- 
Water cooling was  used t o  minimize the  e f f e c t s  of c u t t i n g  on cooled cutoff s a w .  

t h e  cross sect ions of the  samples. The specimens were mounted individual ly  i n  
e i t h e r  Bakelite or Hysol with t h e  cross sect ions visible. 
mounting mater ia l  depended on t h e  hardness of t h e  t e s t  mater ia l  i n  t h e  "as- 
received" s t a t e .  The same mounting material was  used f o r  a l l  samples of each 
t e s t  mater ia l ,  however. The mounted specimens w e r e  polished, etched, examined, 
and photographed by t h e  appl icat ion of metallographic techniques conventionally 
used f o r  each of t h e  mater ia ls .  

The se lec t ion  of t h e  

Rockwell hardness t e s t s  were made on t h e  surfaces of most of t h e  meta l l ic  

The samples of some of t h e  t e s t  mater ia ls  (tantalum and 
t e s t  samples. 
metallographic study. 
t h e  precious metals.) were too t h i n  t o  obtain r e l i a b l e  surface-hardness readings; 
therefore ,  t h e  Rockwell hardness t e s t s  were omitted f o r  these  mater ia ls .  

These measurements were made on t h e  sect ions not u t i l i z e d  f o r  

Microhardness t e s t s  were made with t h e  Vickers diamond-pyramid indentor on 
t h e  cross sect ions of a l l  t h e  meta l l ic  specimens. These t e s t s  were performed on 
t h e  mounted specimens a f t e r  t h e  metallographic examination was completed. 
cause hardness measurements were d i f f i c u l t  t o  make with t h e  nonmetals, these  
measurements were not obtained f o r  any of these  materials.  

Be- 

FACTORS I N  INTERPRETATION OF RESULTS 

Sample Contamination 

Ideal ly ,  each mater ia l  should have been t e s t e d  by i t s e l f  i n  order t o  deter-  
mine t h e  a c t u a l  influence of cesium vapor, and, i n  addition, extremely high- 
pur i ty  mater ia ls  should have been used. For expediency i n  t h i s  t e s t  s e r i e s  and 
t o  simulate operating conditions more nearly,  however, several  commercial-grade 
mater ia ls  were grouped together and t e s t e d  simultaneously. Because of t h i s  si- 
multaneous t e s t i n g ,  many of t h e  observed e f f e c t s  of t h e  t e s t  conditions were 
probably biased by cross contamination from neighboring samples. 
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Oxygen Contaminat ion 

The r o l e  of oxygen must be given ser ious consideration i n  any gas-phase com- 
p a t i b i l i t y  study, and pa r t i cu la r ly  with t h e  use of cesium since it has a high af- 
f i n i t y  f o r  oxygen. I n  t h i s  s e r i e s  of te,sts,, severa l  sources were ava i lab le  t o  
supply oxygen t o  t h e  metal-cesium interj 'ace; namely, residue oxygen present i n  
the  vacuum system, oxides i n  t h e  cesium, outgassing of t he  t e s t  chamber, cross 
contamination, or t h e  t e s t  material i tself .  
energies of metal oxides with t h a t  of cc?sium oxide (see re f .  2 0 )  indicates  t he  
s t a b i l i t y  and probabi l i ty  of various me-;a1 (oxides forming i n  a cesium atmosphere 
with oxygen present.  I n  most cases, cesium has a much grea te r  a f f i n i t y  f o r  oxy- 
gen than do t h e  const i tuents  of t h e  t e s t  materials; thus,  oxide coatings or in- 
clusions i n  t h e  t e s t  mater ia l  were probzbly reduced by cesium. 
not t h e  e f f ec t  of cesium on a pure material, however, but r a the r  t he  reac t ion  of 
cesium with oxygen. 

Cornpaxison of t h e  negative f r e e  

This i s  r e a l l y  

Effec ts  c f Temper at w e  

I n  a study of t h i s  type,  t he  t e s t  temperature could appreciably a l te r  the  
s t ruc ture  of t h e  t e s t  mater ia ls .  Such temperature e f f ec t s  as phase transforma- 
t i ons ,  changing s o l u b i l i t y  l i m i t s ,  and increased d i f fus ion  rates a11 add t o  t h e  
d i f f i c u l t y  of in te rpre t ing  t h e  t e s t  re:;ult:;. The use of dupl icate  samples sub- 
jec ted  t o  s i m i l a r  temperature conditio:is i:2 cesium and i n  vacuo helped t o  d i s t in -  
guish between t h e  r e s u l t s  of cesium efTects and temperature e f f ec t s .  

RESULTS AND DISCUSSION 

Refractory Metals 

Tungsten and molybdenum. - Results of t h e  metal lurgical  examination of t he  
samples of t hese  m e t a l s  d i d  not reveal. any appreciable change as a r e s u l t  of t h e  
various t e s t  conditions. This i s  shovn i n  t h e  microstructures of the cesium- and 
vacuum-treated samples t h a t  are compared t o  th.ose of t he  as-received samples i n  
f igure  3 f o r  tungsten and f igure  4 foi. molybdenum. The Rockwell hardness and 
microhardness data for these and a l l  other  t e s t  samples are s i m a r i z e d  i n  tables 
I11 and I V ,  respect ively.  The hardness values f o r  both tungsten and molybdenum 
tend t o  confirm t h e  metallographic ob;ervatioris s ince no appreciable change i n  
hardness of samples of these mater ia ls  r e su l t ed  from any of t h e  t e s t  conditions. 

Tantalum. - A t a rn ish ing  e f f ec t  was noticed on a l l  tantalum samples tes ted .  
Since the  same r e s u l t s  were observed on both cesium- and vacuum-treated samples, 
t h i s  ta rn ish ing  i s  not considered t o  be a. r e s u l t  of cesium ccrrosion but ,  more 
l i ke ly ,  a r e s u l t  of oxidation of t h e  surface by t h e  oxygen present i n  the  t e s t  
atmosphere. 

Examination of t he  microstructures ( f i g .  5) and microhardnesses ( t ab le  I V )  
of t h e  samples t e s t ed  a t  500° and 800° F compared with those of t he  as-received 
samples f a i l e d  t o  revea l  any appreciable differences r e su l t i ng  from t h e  t e s t  con- 
d i t ions .  The samples t e s t ed  a t  1200'' F, however, demonstrated more than a two- 
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f o l d  increase i n  microhardness over those of t h e  samples t e s t e d  a t  lower tempera- 
tu res .  The microstructure of t h e  1200° F cesium-treated sample ( f i g .  5 ( g ) )  w a s  
much cleaner and f r e e r  of inclusions than those of the other samples; however, 
the  s imi la r ly  t e s t e d  vacuum-treated sample ( f i g .  5 ( d ) )  demonstrated a dark 
needlelike s t ruc ture  similar t o  t h a t  found i n  hydrogen-embrittled tantalum 
( r e f .  2 1 ) .  This embrittlement probably resu l ted  from t h e  presence of hydrogen i n  
the  t e s t  system supplied by the  outgassing of nearby t e s t  samples and/or t h e  t e s t  
system. The embrittlement was not as severe i n  the  cesium t e s t s  because t h e  
higher pressure of t h i s  atmosphere tended t o  reduce t h e  amount of outgassing. 
The increased hardness of both samples t e s t e d  a t  1200° F, however, i s  considered 
t o  be due t o  t h e  increased s o l u b i l i t y  of hydrogen and the  higher d i f fus ion  r a t e s  
a t  t h i s  temperature. 

It i s  thus concluded from these t e s t s  t h a t  tantalum i s  probably not grea t ly  
affected by pure cesium up t o  1200' F, but t h a t  even very small quant i t ies  of hy- 
drogen i n  t h e  cesium atmosphere may cause d r a s t i c  changes i n  t h e  s t ruc ture  and 
r e s u l t a n t  propert ies  during elevated-temperature operations. Since tantalum 
allows r e l a t i v e l y  la rge  s o l u b i l i t y  of other i n t e r s t i t i a l  elements, such as oxygen 
and nitrogen, it i s  qui te  possible  t h a t  s m a l l  quant i t ies  of these  elements i n  t h e  
operating atmosphere may also adversely affect  tantalum. 

Iron-Ease Alloys 

1020 S t e e l  (cold r o l l e d ) .  - This mater ia l  exhibited excel lent  res i s tance  t o  
cesium a t tack ,  but other e f f e c t s  were noted. The surfaces of t h e  samples were 
tarnished as a r e s u l t  of t e s t i n g  i n  both cesium and vacuum. This ta rn ish ing  re- 
sembled l i g h t  r u s t i n g  commonly found i n  t h i s  type of mater ia l  and was  probably 
due t o  surface oxidation from t h e  oxygen i n  the  cesium and/or from t h a t  vaporized 
out of nearby samples. No appreciable change w a s  observed i n  t h e  microstructure 
( f i g .  6 )  o r  t h e  hardness da ta  ( t a b l e s  I11 and IV) f o r  t h e  samples t e s t e d  at  500' 
and 800' F. Both t h e  microstructures and hardnesses of t h e  vacuum- and cesium- 
t r e a t e d  samples were appreciably a f fec ted ,  however, by t h e  t e s t  temperature of 
1200° F. This t e s t  temperature a c t u a l l y  subjected t h e  material t o  a softening, 
spheroidizing anneal ( i . e . ,  t h e  carbide p r e c i p i t a t e s  formed i n t o  very small 
spheres t h a t  could only be resolved a t  high magnifications).  Thus, t h e  highest 
temperatures removed a l l  strengthening e f f e c t s  of p r i o r  heat treatments and cold 
work, but the  t e s t  atmosphere had no appreciable e f f e c t  on t h i s  material .  

Type 304 s t a i n l e s s  s t e e l .  - As i n  t h e  case of 1020 s t e e l ,  s l i g h t  ta rn ish ing  
of t h e  surfaces was observed i n  samples t e s t e d  a t  800° and 1200° F i n  both vacuum 
and cesium atmospheres. Again, t h i s  i s  believed t o  be t h e  r e s u l t  of vaporization 
of impurit ies from nearby samples i n  t h e  t e s t  chamber. Comparison of t h e  micro- 
s t ruc tures  of t h e  1200° F samples with those of the  samples subjected t o  lower 
temperatures ( see  f i g .  7 )  indicates  t h a t  t h e  highest t e s t  temperature also caused 
r e c r y s t a l l i z a t i o n  of t h i s  material .  Note t h a t  most of t h e  e f f e c t s  of p r i o r  work- 
ing were removed by t h e  1200° F heat treatment. 
of t h e  photomicrographs indicate  t h a t  some of the  al loying const i tuents  probably 
vaporized from these  samples. Cesium, however, apparently had no adverse e f f e c t s  
on the samples of t h i s  mater ia l .  

The i r regular  surfaces  i n  most 

8 



L-nickel. - The samples of t h i s  mater ia l  demonstrated a gradual decrease i n  
hardness with increasing t e s t  temperatur?,  as indicated i n  t h e  da ta  of t a b l e s  I11 
and I V ;  t h e  l a rges t  difference,  a decrease of 10 points  on t h e  Rockwell C s ca l e ,  
occurred between 800' and 1200° 3'. The zhange i n  microstructure accompanying 
t h i s  softening is shown i n  f igu re  8. Increasing t h e  t e s t  temperature apparently 
r e su l t ed  i n  so lu t ion  of some of t h e  or ig ina l  grain-boundary p rec ip i t a t e s ,  Since 
similar r e s u l t s  were observed i n  both vacuun;- and cesium-treated samples, it is 
concluded t h a t  L-nickel is  not adverse l j  a f f ec t ed  by cesium, 

A-nickel. - The composition of thiE material is similar t o  t h a t  of L-nickel 
except t h a t  A-nickel contains s l i g h t l y  l a rge r  amounts of t h e  al loying elements 
carbon, i ron,  and copper. A-nickel w a s  also expected t o  be r e s i s t a n t  t o  cesium 
a t t ack ,  therefore ,  but t o  be a f fec ted  by t h e  t e s t  temperature under these  t e s t  
conditions.  
graphs of f igu re  9 by t h e  similar so1ut:lon of p rec ip i t a t e s ;  i n  addi t ion,  s l i g h t  
gra in  growth and narrow, fine-grained s.rfal?e layers  a r e  apparent. These e f f e c t s  
seem grea te r  i n  t h e  vacuum-treated samples than i n  those exposed t o  cesium. The 
hardness values i n  t a b l e s  I11 and N confirn t h e  l a t t e r  observation s ince t h e  
vacuum-treated samples were a l l  s o f t e r  than t h e  corresponding cesium-treated sam- 
ples .  
perature ,  as expected with t h i s  type of materia:L. 

This w a s  found t o  be t r u e  and is  demonstrated i n  t h e  photomicro- 

I n  addi t ion ,  t h e  hardness apparently decreased with increasing t e s t  t e m -  

The hardness changes and fine-grained surface layers  were believed due t o  
vaporization of some of t h e  minor a l l o j i n g  const i tuents  of t h e  A-nickel. 
discrepancy i n  hardness between compars.ble cesium and vacuum t e s t s  w a s  probably 
due t o  t h e  difference i n  pressure i n  tlte t e s t  atmospheres; that, is, t h e  low pres- 
sures  i n  t h e  vacuum t e s t s  allowed grea te r  vaporization than w a s  allowed i n  the  
higher pressure cesium t e s t s .  Since s:.milar e f f e c t s  w e r e  noted i n  both cesium 
and vacuum tests, it is  concluded t h a t  cesium i t s e U  is probably compatible with 
A-nickel. It i s  qui te  possible  t h a t  p::olonged use of A-nickel i n  vacuum or any 
low-pressure atmosphere, however, may :.-esu:Lt i n  loss of s t rength  t o  l eve l s  possi- 
b l y  below t h e  design c r i t e r i a .  

The 

Inconel X. - This material d i f f e r s  from t h e  previous nickel-base materials 
i n  t h a t  it depends on t h e  p rec ip i t a t ion  of complex in te rmeta l l ic  compounds ( p r i -  
mari ly  carbides 1 f o r  i t s  high-temperature s t rength.  
evident i n . t h e  s t ruc tures  demonstrated i n  t h e  photomicrographs of f igu re  10. 
These photomicrographs indicate  that t h e  p rec ip i t a t e s  were present within the  
grains  and a l s o  a t  t h e  grain boundaries of t he  samples. I n  many instances,  t h e  
p rec ip i t a t e s  ou t l ine  t h e  loca t ion  of p a i n  boundaries t h a t  were present a t  some 
p r io r  t i m e  i n  t h e  f ab r i ca t ion  h i s to ry  of t h e  material .  The photomicrographs of 
f i w e  10 show e s s e n t i a l l y  no change i n  microstructure,  however, as a r e s u l t  of 
any of t h e  t e s t  conditions. 
nesses of t h e  samples were not g r e a t l y  a f fec ted  by t h e  t e s t  conditions,  it i s  
concluded that cesium did  not a t t ack  -;he :hconel-X samples i n  t h i s  s e r i e s  of 
tests. 

These p rec ip i t a t e s  a r e  qui te  

With t h i s  observation, plus  t h e  f a c t  t h a t  t h e  hard- 

B-monel. - The microstructures of samples of t h i s  mater ia l  ( f i g ,  11) demon- 
strate a fine-grained surface layer  similar t o  those found i n  t h e  L-nickel and 
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A-nickel samples previously described. 
i z a t i o n  of some of t h e  minor a l loying const i tuents  from t h e  grains near t h e  sur- 
face.  
fected by t h e  t e s t  conditions and similar r e s u l t s  were exhibited i n  both cesium- 
and vacuum-treated samples, it i s  concluded t h a t  cesium had no adverse e f f e c t s  on 
B-monel under these t e s t  conditions. 

This zone was a l s o  probably due t o  vapor- 

Since t h e  hardness values ( t a b l e s  I11 and IV) were not appreciably af- 

~ Copper-Base Alloys 

Copper ( e l e c t r o l y t i c  tough pi tch,  ETP). - The photomicrographs ( f i g .  1 2 )  of 
the  t e s t  samples of t h i s  mater ia l  indicate  t h a t  both t e s t  temperature and cesium 
af fec ted  t h e  material .  The e f f e c t  of temperature on grain growth is  qui te  evi-  
dent, p a r t i c u l a r l y  when t h e  t e s t  temperature is  increased from 800° t o  1200° F. 
Subjection of samples of t h i s  copper t o  a cesium atmosphere apparently r e s u l t e d  
i n  t h e  formation of a layer  of f i n e  grains at t h e  exposed surfaces.  This layer  
is  qui te  evident i n  t h e  1200' F, cesium-treated sample ( f i g .  1 2 ( g ) ) .  The Rock- 
w e l l  surface-hardness readings ( t a b l e  111) confirm t h i s  r e s u l t  s ince t h e  values 
f o r  the  cesium-treated samples were consis tent ly  lower than those of the  compa- 
r a b l e  vacuum-treated samples. 

The apparent cesium a t tack  of copper may have been p a r t l y  due t o  t h e  oxygen 
impurity of t h e  t e s t  system previously mentioned. It may a l s o  have been due t o  
the  oxygen content of t h e  copper i t s e l f  (0.04 percent);  t h a t  i s ,  t h e  s t rong af- 
f i n i t y  of cesium f o r  oxygen might have reduced any oxides present near t h e  sur- 
face of t h e  t e s t  samples. It has previously been reported ( r e f .  12) t h a t  oxygen- 
f r e e  copper withstands cesium a t t a c k  at  500' F, but normal copper (with oxide in- 
c lusions)  de te r iora tes  rap id ly  under s i m i l a r  conditions. 
therefore ,  may allow use of copper components i n  cesium atmospheres t o  a greater  
extent than now seems possible  with standard commercial copper. 
(ETP) copper may even be usable i n  t h e  lower temperature range; a sample of t h i s  
mater ia l  subjected t o  a cesium atmosphere a t  500' F f o r  200 hours i n  an addi t ional  
t e s t  exhibited no worse e f f e c t s  than those observed i n  samples t h a t  r a n  f o r  48 
hours i n  t h i s  s e r i e s  of t e s t s  ( f i g .  12 (e ) ) .  

Oxygen-free copper, 

E lec t ro ly t ic  

Bronze (leaded phosphor bronze). - This copper-base mater ia l  a l s o  appeared 
t o  be s l i g h t l y  a f fec ted  by t h e  cesium atmosphere, as evidenced by t h e  photomicro- 
graphs of figure 13. 
exhibited i r regular  surfaces.  
t o  t h a t  observed with t h e  previous copper samples; t h a t  i s ,  reduction of t h e  sur- 
face oxides by t h e  cesium atmosphere. The large decrease i n  hardness ( t a b l e  111) 
noted i n  t h e  800° and 1200' F cesium t e s t s  i s  probably only a temperature e f f e c t  
since a corresponding decrease i n  hardness was a l s o  noted i n  the  comparable 
vacuum-treated samples. I n  f a c t ,  t h i s  thermal softening e f f e c t  was even greater  
i n  the  vacuum-treated samples, probably because of t h e  increased vaporization 
r a t e  of t h e  t i n - r i c h  phase i n  t h e  lower pressure atmosphere. Since t h e  e f f e c t  of 
cesium on these samples i s  r e l a t i v e l y  s m a l l ,  t h i s  mater ia l  ( l i k e  ETP copper) may 
possibly be used i n  f u t u r e  cesium appl icat ions,  f o r  a t  l e a s t  shor t  durations,  if 
the  qua l i ty  of t h e  mater ia l  i s  c lose ly  controlled.  

~ 

Note t h a t  both t h e  800' and 1200° F cesium-treated samples 
This i s  probably t h e  r e s u l t  of a reac t ion  similar 

Brass (yellow, Muntz metal) .  - The e f f e c t  of temperature on t h i s  mater ia l  i s  
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demonstrated qui te  v iv id ly  i n  t h e  photomicrographs of f igu re  14. It can be seen 
t h a t  increasing t h e  t e s t  temperature caused an increasing amount of intergranular  
a t tack .  
and vaporization of t h e  low-melting, zinc-.rich phase). I n  addi t ion  t o  t h e  ther -  
m a l  e f f e c t s ,  though, t he re  must have been some cesium a t t ack  of t h e  samples s ince  
the  l o s s  of t h e  zinc phase appears grea te r  i n  t h e  cesium-treated samples desp i te  
t he  higher pressure of t h e  tes t  atmosphere. 
111) of t h e  cesium-treated sample is  grez;er than t h a t  of t h e  corresponding 
vacuum-treated sample. Cesium, then, must have p re fe ren t i a l ly  a t tacked t h e  sec- 
ond phase, and possibly formed a compound of cesium and zinc,  as it traversed t h e  
gra in  boundaries of t h e  sample. Thus, f o r  any appl ica t ion  involving cesium, o r  
even low pressures,  t h i s  type of brass  i s  una.cceptable, 

Much of t h i s  a t t ack  is  merely dues t o  dez inc i f ica t ion  (i.e.,  d i f fus ion  

In addi t ion,  t h e  hardness ( t a b l e  

Si lver .  - Since s i l v e r  is  a l s o  known t o  a l l o y  w i t h  o ther  group I elements 
( r e f s .  1 and 2 ) ,  cesium a t t ack  might a lso be expected with t h i s  material .  
with t h e  gold samples, grain-boundary a t t ack  and gra in  growth increased as a 
funct ion of increasing t e s t  temperature ( f i g .  1 7 ) .  The de te r io ra t ion  of t h e  
gra in  boundaries i s  qui te  evident i n  t l .e 800' F, cesium-treated sample ( f i g .  
1 7 ( f ) ) ,  and apparently a second phase 1las formed i n  t h e  1200' 3' samples ( f ig .  
1 7 ( g ) ) .  Note a l s o  t h a t  t h e  1200° F, vI-cum-treated sample ( f ig .  1 7 ( d ) )  shows 
evidence of vaporization from t h e  axear; surrounding t h e  surface grain boundasies. 
The r e l a t i v e l y  high vapor pressure of s i l v e r  a t  t h i s  temperature could be d e t r i -  
mental t o  t h e  use of  silver f o r  long dixat'ions i n  low-pressure atmospheres. 

As 

I 

€YeciouE Metals 

Platinum. - The photomicrographs of f i g i r e  15 indica te  that t h e  tes t  condi- 
t i o n s  used i n  t h i s  study did not have any appreciable adverse e f f e c t s  on p l a t i -  
num. The microhardness data  i n  t a b l e  IV a l s o  indicate  no gross changes. Since 
other  s tud ies  (ref. 9 )  have indicated cesium a t t ack  of platinum under more severe 
t e s t  conditions,  it i s  qui te  possible  th,3t higher temperature and/or longer t e s t  
durations could r e s u l t  i n  subs t an t i a l  cesium corrosion. 

Gold. - References 1 and 2 indicate  t h a t  cesium forms a s e r i e s  of s o l i d  so- 
l u t ions  with gold; therefore ,  a t t ack  of the gold samples under these t e s t  condi- 
t i o n s  could be expected. These expectations were confirmed by both v i sua l  and 
metallographic examination of t h e  samples. All t h e  cesium-treated samples pos- 
sessed a d u l l ,  powdery surface layer ;  t h e  8W0 F sample showed t h e  worst corro- 
sion. The photomicrographs ( f i g .  1 6 )  oY these  samples show t h e  extreme gra in  
growth due t o  temperature e f f e c t s  and t h e  r e s u l t s  of surface a t t ack  by cesium. 
The a t t ack  appears grea te r  at  500° and 00O0 F than at  1200° F. This apparent 
anomaly is  possibly due t o  t h e  lower rz;e 0.f adsorption and/or t h e  higher solu- 
b i l i t y  limits i n  gold a t  1200' F. 

- 

Light Metals 

Aluminum (Alclad 24ST). - The r e s u l t a  of t h i s  s e r i e s  of tests ind ica te  t h a t  

The Alclad-aluminum samples exhibi ted considerable reac t ion  with cesium at  
' t h i s  aluminum a l loy  is  unusable i n  a cesium atmosphere above 500° F ( see  f i g .  
18). 
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800' F ( f i g .  1 8 ( e ) )  with t h e  presence of th ree  d i s t i n c t  surface zones. Micro- 
hardness values of each of these zones exhibited a large gradient i n  hardness. 
Note t h a t  t h e  a l l o y  core seems more prone t o  a t tack  than t h e  unalloyed cladding. 
Attempts t o  run samples at 1200' F resu l ted  i n  incipient  melting, and thus  t h e  
r e s u l t s  were disregarded. 

As  was  t h e  case with several  of t h e  previously discussed mater ia ls ,  oxygen 
I impurit ies i n  t h e  cesium may account f o r  t h e  corrosive e f f e c t  of cesium on alumi- 

qui te  probable t h a t  aluminum reduces any of the  cesium oxide present i n  t h e  at- 
mo sphere. 

I num. Since aluminum has a greater  a f f i n i t y  f o r  oxygen than does c e s i m ,  it i s  

Magnesium. - Only two samples of magnesium were tes ted ;  these  tes ts  were at  

Since magne- 
500' and 800' F i n  a cesium atmosphere. 
grain-boundary a t t a c k  ( f ig .  1 9 )  t h a t  t h e  t e s t i n g  was discontinued. 
s i u m  has a low melting point,  a high vapor pressure, and an apparent incompati- 
b i l i t y  with cesium, it i s  d e f i n i t e l y  not recommended f o r  use i n  atmospheres of 
t h i s  type. 

Both samples exhibited such severe 

i Nonmetals 

Mycalex and Mykroy. - These two commercially avai lable  compounds a r e  repre- 
sen ta t ive  examples of glass-bonded mica composites t h a t  a r e  used as e l e c t r i c a l  
insulators .  As t h e  
t e s t  temperature increased from 500° t o  1200° F, surface discolorat ion and ero- 
s ion resul ted.  Photomicrographs of t h e  s t ruc tures  of these samples are shown i n  
f igures  20 and 21. The Mycalex samples t e s t e d  at  1200° F laminated and had t h e  
appearance of the  gross  porosi ty  i n  f igures  20(d) and ( g ) .  Evidently t h e  mate- 
r ials were t e s t e d  above t h e i r  useful  working temperatures. 

Temperature e f f e c t s  were very pronounced on both materials.  

Since t h e  surfaces  of each of t h e  cesium-treated samples appear rougher than 
those of t h e  corresponding vacuum-treated samples, it is  assumed t h a t  cesium af- 
f e c t s  these mater ia ls .  Because these composites a r e  a mixture of various s i l i -  
cates  of sodium, calcium, magnesium, aluminum, and so f o r t h ,  t h e  corrosive e f f e c t  
of cesium may be explained by i ts  r e a c t i v i t y  with these  various compounds. 

Lava. - This mater ia l  is primarily composed of magnesium s i l i c a t e  and i s  - 
of ten  used as an e l e c t r i c a l  insulator .  The s t ruc tures  shown i n  figure 22 indi-  
ca te  t h a t  t h i s  compound i s  not compatible with cesium since even t h e  body of t h e  
mater ia l  seems adversely a f fec ted  by t h e  cesium tests, p a r t i c u l a r l y  a t  1200' F. 

Morganite and sapphire. - These mater ia ls  are composed of aluminum oxide and 
a r e  a l s o  considered f o r  use as e l e c t r i c a l  insu la tors  i n  proposed space engines. 
There was no apparent e f f e c t  of t h e  cesium on e i t h e r  of t h e  materials. 
parent compatibil i ty i s  explained by t h e  f a c t  t h a t  aluminum oxide has grea te r  
thermodynamic s t a b i l i t y  than cesium oxide ( see  r e f .  1 9 ) .  

This ap- 

CONCLUDING RENARKS 

I When t h e  compatibil i ty r e s u l t s  a r e  applied t o  t h e  se lec t ion  of usefu l  mate- 

12 



t a n t  of these f ac to r s  are operating temp3ratm-e and time. 
t h a t  exhibited reac t ions  i n  t h i s  study a r e  not necessar i ly  ru led  out f o r  use at 
lower temperatures or f o r  shorter  t i m e s .  
peared compatible with cesium under these  conditions may be completely unaccept- 
able for uses with more severe tempera tue  and/or t i m e  requirements. 

Many of t h e  mater ia ls  

Conversely, those materials t h a t  ap- 

I n  order t o  pred ic t  cesium compati t i l i t ,y  r e s u l t s  for other t e s t  conditions,  
it would be necessary t o  understand the  bas ic  mode of react ion.  
quire a study of t h e  t r u e  compatibil i ty of cesium with other  elements. I n  t h e  
present study, t h e  t r u e  compatibil i ty wi.s masked somewhat by other react ions oc- 
curr ing i n  t h e  t e s t  system (e.g., cesium-oxygen react ion,  cross contamination, 
temperature and pressure e f f ec t s ,  e t c . ) ,  A cursory examination of t h e  basic  mode 
of react ion,  however, can be made from ';his study by attempting t o  d is t inguish  
the  ac tua l  cesium-metal reac t ions  from -;he other  spurious in te rac t ions .  This 
method of i n t e rp re t a t ion  separates  t h e  major elements s tudied i n  t h i s  t e s t  series 
i n t o  t h e  following categories:  

This would re- 

Elements t h a t  r eac t e  3 
with cesium 

Copper 
Zinc 
Gold 
S i lver  
Aluminum 
Magnesium 

Zlements t h a t  d id  not 
reac t  with cesium 

Tung s t  en 
Molybdenum 
Tantalum 
Iron 
Nickel 
Cobalt 
Platinum 

It i s  noteworthy t h a t  a l l  t h e  elements t h a t  appeared t o  be compatible with cesium 
i n  t h i s  study are t r a n s i t i o n  elements that have un f i l l ed  inner e lec t ron  she l l s .  
This cor re la t ion  suggests t h a t  t he  com:iatilsilit,y of cesium with other  materials 
depends on t h e  pa r t i cu la r  e lec t ron  con-3guration of t he  base element i n  t h e  mate- 
r ial .  
condi t ions) ,  though, is necessary befo:.-e t h e  react iveness  of cesium can be under- 
stood. 

Considerably more research ( w i t - i  u l t rapure mater ia ls  over broader t e s t  

Results f o r  all t h e  materials are shown i n  t a b l e  V .  

SUMMARY OF RESULTS 

A study of t he  compatibil i ty of cesium vapor with various commercial mate- 
r ia ls  a t  500°, 800°, and 1200' F showed t h a t  those attacked by cesium vapor t o  
varying degrees were copper, brass ,  bronze, gold, s i lver ,  aluminum, magnesium, 
Mycalex, Mykroy, and lava. 
included tungsten, molybdenum, tantalum, i ron,  nickel ,  cobal t ,  and platinum. 

The materials t h a t  were not a t tacked by cesium vapor 

Lewis Research Center 
na t iona l  Aeronautics and Space Administration 

Cleveland, Ohio, May 10, 19153 
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TABI;E I. - SOME PHYSICAL PROPERTIES OF THE ALKALI METALS 

3ubidium 

37 

85-48 

0.0802 

39.0 

696 

4.16 

Atomic  number 

Atomic  weight 

Specific heat, a t  Oo C 
c a l / ( d  ( "c )  

Melting point, O C  

Boi l ing  point,  OC I 

Cesium 

55 

132.91 

0,0482 

28.45 

6 70 

3.87 Ioniza t ion  potent ia l ,  

22.991 

0.292 

97.7 

892 

5.12 

[Data 

Lithium 

3 

6.940 

3.7951 

186 

1336 

5+37 

39.10 

0.173 

63.6 

774 

4.32 

from ref. 10.1 

Sodium Potassium + 'ranc i u m  
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TABLE 11. - MELTING POINTS AND TY?ICAIt COMPOSITIONS OF TEST MATERIALS 

Approximxt e 

OF 
melting pDint, percent 

Material 

Refractory metals 
I I 

Tungsten 
Molybdenum 
Tantalum 

617Cl 
4730 
5425 

99.9 w 
99.9 Mo 
99.9 T a  

Iron-liase a l loys  

1020 S t e e l  (co ld  r o l l e d )  

304 Sta in less  s t ee l  

2790 

2601 

99.1-99.2 Fe; 0.18-0.23 C J  0.3-0.6 Mn 

64.9-70.9 Fe; 18-20 C r ;  8-12 N i ;  1 S i  
0.04 P; 0.05 S 

2 Mn; 0.08 C 
I -1 

Nickel-bas? a l l o y s  

L-nickel 

A-nickel 

Inconel X 

B-monel 

26: 0 

26:15 

25:jO 

2370 t o  2460 

99.5 N i ;  0.2 Mn; 0.05 Fe; 0.02 Cu; 

99.4 N i ;  0.2 Mnj 0.15 Fej  0 .1  CU; 

73.0 N i ;  15.0 C r ;  2.5 T i j  7 Fe; 1 Cb; 

6'7 N i ;  30 Cu; 1-7  Fe; 1.1 Mn; 0.1 C; 

0.01 C; 0.15 Si;  0.005 S 

0.1 C; 0.05 S i ;  0.005 S 

0.9 Al; 0.7 Mn; 0.04 C; 0 .3  S i  

0.05 Si; 0.35 S 

Coppe r-base a l loys  

Copper (ETP) 99 CU; 0.04 02 
Bronze (leaded phosphor bronze) 
B r a s s  (yellow, Mun-tz metal) 

94 Cu; 5 Sn; 1 Pb 
60 Cu; 40 Zn 

Prec io- metals 

P l a t  i n m  
Gold 
Si lver  

3217 
l G 5 O  
1'750 

99.9 Pt 
99.9 An 
99.9 Ag 

L'Lght metals 

Aluminum (Alclad 24ST) 
Magnesium 

1220 
1202 

99.9 A 1  
99.9 Mg 

Nonmetals 

Mycalex 
-I--- 

..--- 
Morganite 5670 

_ _ ~  

Glass-bonded mica 
Glass-bonded mica 
Magnesium s i l i c a t e  
Aluminum oxide 
Aluminum oxide 



TABU2 111. 

Material Atmosphere 

- ROCKWELL 

Test temperature, O F  

-qxq=- 
Rockwell hardness 

~~ 

HARDNESS OF TEST SAMm,ES 

Tungsten 

Molybdenum 

Cesium 47 46 46 C-46 
Vacuum 47 47 45 
Cesium 23 2 1  22 C-23 
Vacuum 22 22 22 

As -received 
Rockwe 11 
hardness 

1020 Steel Cesium 20 1 9  
Vacuum 18 18 

304 Stainless steel Cesium 80 82 
Vacuum 79 81  

3 C-18  
5 

80 
77 B-80 

L-nickel Cesium 
Vacuum 

A-nickel Cesium 
Vacuum 

Vacuum 

Vacuum 

Inconel X Cesium 

B-monel Cesium 

5 4  50 40 B-55 
52 52  43 
55 67 43 B-54 
49 48 40 

78 80 80 

70 72 69 

78 81 78 B-79 

7 1  73 66 B- 70 

8 7  
92 
62 
58 
5 4  
52 

18 

72 72 B-88 
80 73 
26 26 B-69 
20 10 
1 7  1 7  B-60 
1 9  11 

Copper 

Bronze 

B r a s s  

Cesium 
Vacuum 
Cesium 
Vacuum 
Cesium 
Vacuum 

Aluminum Cesium 30 
Vacuum 48 

Magnesium Cesium 9 4  
Vacuum -- 

B-68 -- 30 
30 -- -- -- B-94 -- -- 



TABLE IV. - MICROHARCNESS OF TEST SAMPLES 

100-105 
100-115 
105-130 
75-110 

155-185 
140-180 
135-160 
105-150 

Material  

95-110 
85-95 
100-12:5 
90-100 
175-185 
150-165 
130-145 
125-135 

Load, Objective Atmoslihere 
mg 1 magni- 

f i c a t  iona 

Diamond-pyramid hardness 

Tungsten 

Molybdenum 

Tantalum 

100 

100 

25 

Refract0 ?y metals 

50 

Iron-bzse a l l o y s  

500-550 

265-285 

115-130 

220-250 

130-160 

L-nickel 

A-nickel 

Inconel X 

B-monel 

100 

100 

100 

100 

Nickel-oase a l loys  

50 

50 

50 

50 

Cesium 
Va cuum 
C e s i u m  
V& c u m  
CE sium 
V€.CUum 
C c s i u m  
vacuum 

110-120 
95-105 
105-140 
85-100 
160-180 
145 -1 75 
130-155 
120-155 

105-110 

105-135 

145-175 

120-140 

Copper-base a l l o y s  

Copper 

Bronze 

Brass 

100 

100 

100 

20 

50 

50 

C 2sim 
V3.cum 
C ? s i m i  
vzcuum 
Cesium 
Vacuum 

50-65 
50-65 
110-125 
95-125 
105 -120 
110-115 

F’reci ous n e t a l s  

55-65 

Lisht  Ir-etals 

Magnesium 

aUsed i n  obtaining diamond-pyramid hardness. 

130-150 

45-55 
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TABLE V. - COMPATIBILITY OF VARIOUS IUU5XULS WITH CESIUM 

No 
No 
No 

Material I 
Susceptible to embrittlement by interstitial 
contaminants at 1200° F 

at temperatures 

and 1200° F 
of 5000, 8000 

No 
No 

- 

Remarks 

Recrystallization and softening at 1200° F 
Recrystallization and softening at 1200° F 

~~~ 

Tungsten 
Molybdenum 
Tantalum 

Yes 
Yes 
Yes 

Moderate attack of surface 
Moderate attack of surface 
Dezincification and gross grain-boundary 
attack 

Iron-base alloys I 

Aluminum 

Magnesium 

1020 Steel 
304 Stainless steel 

Yes Gross attack of both core and clad at 

Yes Severe attack of grain boundaries at 
500° and 800° F (melts near 1200° F) 

500' and 800' F (melts below 1200° F) 
___~.____ __ ._ 

7--- 
L-nickel 

A-ni c kel 

Inconel X 

B-mo ne 1 

No 

No 

NO 

No 

Solution of grain-boundaxy precipitates at 

Solution of precipitates and grain growth at 

Vaporization of precipitates from surface 

Vaporization of alloy constituents at all 

all temperatures 

all temperatures 

zone at all temperatures 

t emperat ur e s 
I I ~ 

Copper-base alloys 

Copper 
Bronze 
Brass 

Platinum 
Gold 

Silver 

No 
Yes 

Yes 

Considerable surface attack, particularly 
at 800' F j  extreme grain growth at all 
temperatures 

Severe grain-boundary attack and extreme 
grain growth at all temperatures 

Mycalex 
I 

MykrOY 
Lava 
Morganite 
Samhire 

Yes 

Yes 
Yes 
No 
No 

sample laminated at 1200° F j  slight reaction 

Slight reaction at all temperatures 
Gross attack of sample core at all temperature: 

at all temperatures 
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0 10 
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I 
20 

Temperature, 

1200 

Time a f t e r  evacuation, hr 

(a) Pressure, t o  LO-' Torr.  

Figure 2. - Pressure r i s e  i n  t e s t  chamber a t  indicated 
temperatures with pumping system closed of f .  
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Tine a f t e r  evacuation, hr  

(b)  Eressure, 1V2 t o  LO2 Torr .  

Figure 2. - Concluded. Pressure r i s e  i n  t e s t  chunber at  
indicated tempcratures with pumping system closed off. 
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(a) Starting material. 

( b )  A t  500' F i n  vacuum. (c) At 800' F i n  vacuum. 

- -  

(a) At 500' F in cesium. (e) At 800' F in cesium. 

F i g u r e  18. - Photomicrographs of aluminum tested fo i  48 hours at 500° and 800° F. Etch, 10 percent ammonium 
C-64638 persulfate. X150. 

39 



5 
d 
rn 
a, 
V 

0 
0 
0 m 

E! 
.d 
rn 
a, 
u 
$2 
d 

F 
0 
0 
0 
Lo 

d 
.d 

h 

a 
d 

40 



41 



m 

42 



$2 d 

k 
0 
0 
0 
N 
rl 

2 - a 
w 

fi 
Ti 

k 
0 
0 
0 m 

fi 
.d 

k 
0 
0 
0 
Lo 

2 - 
P 
v 

03 
dr 

k 
43 

I 

N 
N 

NASA-Langley, 1963 E-1866 43 




